The last decade has seen a proliferation of mentoring programs that provide high-school students authentic research experiences. Such programs expose students to front-line research, equip them with basic research skills (including coding skills), and introduce them to scientist role models. Mentors in such programs range from undergraduate students to faculty members. Here, I describe the founding and operation of the Harvard Science Research Mentoring Program (SRMP). This program specifically recruits advanced graduate students and postdoctoral scholars to serve as mentors. By mentoring high-school students over a long timescale (September to May), early-career scientists gain hands-on experience in the skills required to advise students-skills that are often required of them in future academic positions yet seldom taught by academic institutions. I show that SRMPs can easily and quickly be set up and provide guidance and resources to do so. Finally, I invite directors of existing and prospective SRMPs to join the Global SPHERE Network, through which directors of SRMPs around the world can share their experiences, best practices, and questions.
I. INTRODUCTION
The number of American workers employed in science, technology, engineering, and math (STEM) occupations has risen rapidly over the last two decades, yet there is an ongoing debate whether this number is sufficient to answer the market's demand.
1-3 Moreover, STEM occupations are far from equitable; women and people of color are significantly underrepresented in STEM jobs relative to their fractions of the total workforce. 4, 5 This disparity is also seen in the gender and racial makeup of Bachelor's degree holders in physics, as well as that of high-school students taking advanced-placement physics courses.
6-9
One way to encourage high-school students to major in STEM fields in college and to achieve equity is to provide them with authentic research experiences along with mentoring by potential role models. 10, 11 Such programs have been available for undergraduate students for a while (e.g., the National Science Foundation's (NSF) Research Experiences for Undergraduates 12 ) and have been generally successful. 13 Programs that offer such experiences for high-school students, which in this paper will generally be termed "Science Research Mentoring Programs" (SRMPs), have been around for several years.
14 SRMPs usually pair students with academic advisors (from undergraduate students all the way up to faculty) who supervise them in independent research projects. SRMPs provide students with several benefits: (1) they expose them to modern scientific research; (2) teach them the scientific method; (3) teach them how to think algorithmically and use code to analyze data; (4) sow the seeds of a professional network; and perhaps most importantly, (5) provide them with role models. Altogether, the goal of SRMP is to show students that science and research are not inaccessible ivory towers; that they, too, can become scientists.
While high-school students are the main target demographic of SRMP, the mentors who work with them also benefit from the program by way of professional development. Although supervising undergraduate and graduate students is an integral part of many scientists' careers, we are not usually trained to do so. SRMP provides graduate students and postdoctoral scholars with hands-on experience in the skills necessary to successfully advise students, such as crafting a project, supervising students' work, and making sure they obtain results by a given deadline. Many mentors stay in touch with their students for years and write them letters of reference (e.g., for college, undergraduate research experiences, or graduate school), thus gaining an additional skill.
I served as a SRMP mentor at the American Museum of Natural History (AMNH) between 2011-2016, 15 during which time I mentored 17 students. The experience drove me to create my own program at the HarvardSmithsonian Center for Astrophysics (CfA) when I moved there in 2016. In this paper, I describe how I set up my version of SRMP, 16 with the goal of providing a template for others seeking to found SRMPs at their own institutions.
II. SRMP OVERVIEW AND TIMELINE
Harvard SRMP runs throughout the school year, i.e., from the first week of September to the last week of May. The program begins with an orientation session for students and their parents, during which I describe the program, introduce the mentors and their projects, collect paperwork, administer the first stage of the evaluation survey (see Section IV), and take questions.
Throughout September, I meet with the students twice a week, each time for two hours, to administer a very general introduction to astrophysics. In a series of presentations, I introduce basic concepts, from stars and galaxies to imaging and spectroscopy. The goal is for the students to have these concepts in the backs of their minds when they start working on their projects. The students also learn how to use their laptops and the Linux command line. Finally, the mentors give brief introductions to their science and the project the students will work on.
At the end of this month, the students rank the projects they would like to work on. Based on this ranking, my knowledge of the students' analytic and coding skills, and the requirements of the projects, I assign the students to their mentors. During the first year of the program, 7/10 students received their top pick, two received their second pick, and one their third.
Projects should be limited in scope; a task that would take a graduate student or postdoctoral scholar 2-3 weeks to complete will take a high-school student several months. I suggest mentors carve out a small portion of their research program, preferably a project that is not time-critical and that is not required for the success of their overall program.
From October to April, the students meet with their mentors twice a week at the CfA, each time for two hours. Each group of students and mentor comes up with its own schedule, which takes into account the students' other extra-curricular activities and the mentor's research schedule. The schedules are meant to be flexible; some weeks the students will meet their mentor only once, or not at all, usually during the lead-up to midterms and finals, or when the mentor is traveling. The goal is for students to meet with their mentor roughly 100 hours during the program. This forces the mentors to keep an eye on their students' progress and make sure that by the end of the program they have results to present-an important skill for future advisors.
Many students are so excited by their projects that they choose to continue to work on them from home. As a rule, though, this is not required by the program, and I dissuade mentors from assigning homework.
Most undergraduate research programs are condensed to approximately 10 weeks or less over the summer. The months-long timescale of SRMP, on the other hand, allows students to get stuck, whether because of practical difficulties with executing a particular task or because they need to figure out the next step in the analysis. For most students, this is the first time they are ever required to solve such problems completely on their own, and it teaches them patience and perseverance, two of the more important skills required for actual research.
Mentors start off by introducing the theory behind the project through assigned readings and discussions. This is then followed by hands-on introductions to the tools and data necessary for the project. Finally, the students move on to the analysis itself. The mentors are encouraged to develop their own way of supervising the students. Some mentors will be very hands-on, working together with their students, while others will be more hands-off, allowing their students to figure things out on their own.
Mentors are encouraged to let the students work together as a group, in order to introduce them to the principles of collaborative work. This usually works well in groups of 2-3; larger groups tend to develop power dynamics in which one or two students lead the work and the others are sidelined. One of the responsibilities of the director when assigning students to mentors is to try and avoid such power dynamics by balancing the personalities of the students. This is hard to do at the beginning of the program, which is why a school liaison, with previous knowledge of the students, is critical for the success of the program (see Section III A for more details).
In order to encourage students to conduct outreach activities of their own, they each receive a Galileoscope and tripod, which they use at a star party at their high school. Galileoscopes are cheap but relatively powerful telescopes perfect for observations in cities.
17 On clear nights, users can see Jupiter's moons and bands, as well as Saturn's rings. For most first-time observers, the Moon, with its craters and dark maria, is just as exciting.
During the last month of the program, the students write up their results in a poster and a short five-minute talk. These are then presented at a symposium at the CfA to which the students' families are invited. The symposium is also open to CfA researchers, so that the students will be asked questions by their professional peers. I also invite dignitaries from the high school, city hall, and any funding agency that supported the program during that year. The symposium is broadcast live via YouTube and curated by the CfA's Wolbach Library.
18
Throughout the program, I meet with each student and mentor at least twice to learn about their progress in the program and address any problems that might come up. Once a month, I meet with the entire cohort to go over a specific topic or skill. Topics have included a description of the academic ladder, gender and racial biases in academia, and how to write and present a poster and a talk. For the latter, I prepare templates that the students then fill out and personalize.
III. SETTING UP SRMP
A SRMP can be set up relatively quickly; I set up my program in the span of one academic year. Below, I outline the three steps needed to quickly start such a program: (1) partnering with a local school, (2) recruiting students and mentors, and (3) securing funding. Before setting up your own program, I suggest consulting with online outreach resources for information and advice. For astrophysics programs, for example, there is the Menu of Outreach Opportunities for Science Education, provided by the American Astronomical Society (AAS).
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Recently, several SRMPs have banded together to create the Global SPHERE Network, 20 a website that any SRMP serving high-school students is welcome to join. This website serves two functions: (1) to help students find a nearby program; and (2) to allow program directors to share questions and best practices. If you are about to set up your own program, or if you already run a program, please consider joining the Global SPHERE Network and adding your experiences to the mix.
A. Partnering with local schools
Many academic institutions will have an education/outreach office or officer who may already have connections at the local high schools. I strongly advise checking for such existing connections before attempting to foster your own, as finding inroads into local high schools can be the most time-intensive step of setting up a SRMP. I also suggest checking the schools department at your local city hall. Some, such as Cambridge, will have a person in charge of STEM development-a natural point of contact for SRMP.
Through the education research department at the CfA, I was put in contact with a student at Cambridge Rindge and Latin School (Cambridge's public high school) who was attempting to create an aerospace engineering and astronomy club at the school. I wrote the student a letter of support, which aided his effort. Later on, I recruited postdoctoral scholars and graduate students to lead hands-on astrophysics activities at this club. Each activity was spread over two meetings. Instead of showing up and giving a frontal lecture, the speaker prepared ahead of time a syllabus that was shared with the students and allowed them to learn the necessary introductory material on their own. The speaker would then show up for the second meeting, provide a short recap of the introduction, and then proceed to devote most of the meeting (∼ 45 minutes) to directing the activity. Activities have included creating color images from Hubble Space Telescope data, simulating a supernova light curve using an Arduino computer, and observing the Moon with the 9-inch Clark Telescope on the roof of the CfA. These syllabi are available from the Harvard SRMP website and free to use.
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Through the hands-on lecture series, which was quick and easy to organize, I got to know the school's astronomy teacher, Mr. Tal SebellShavit, who then became my main point-of-contact at the school. Without his help I would not have been able to set up my SRMP as quickly as I did. He organized a schedule for my recruitment presentations, shared his knowledge about the candidates, organized their interviews, and helped the selected students prepare the paperwork for their stipends (see Section III C, below).
B. Recruiting students and mentors

Students
Each semester, I advertise the program at the school by giving short, ten-minute presentations in every science class throughout the day. Beginning with the second year of the program, participants in the previous year's program tag along and describe their projects and experiences. This makes it easier for interested students to ask questions and see themselves as potential candidates.
At the end of each presentation, I hand out application packets and leave a few behind, for those students too shy to take them directly from me. The packet, available on the Harvard SRMP website, 16 includes a standard application form asking for the student's name, address, etc., as well as instructions for completing two essays.
Several studies have shown that letters of recommendation tend to reflect the gender biases of their writers.
22 Students' grades are not immune from bias either, whether it stems from their teachers 23, 24 or the students themselves (e.g., through "stereotype threat").
25,26
Instead of transcripts and letters, I ask students to submit two short essays, up to one page each. The first is a personal essay in which they introduce themselves and explain why they are interested in science and astrophysics, why they want to join the program, whether they have any previous research experiences (this is not a prerequisite), and whether they have any special hobby or talent they would like to share. The goal of this essay is to gauge the students' interest in the program along with their writing and self-expression skills.
For the second essay, the students are asked to choose an image from the website Astronomy Picture of the Day.
27 This website publishes a daily astronomy image along with a short, one-paragraph description. The students are asked to expand on this blurb. The goal here is to get a feeling for the students' ability to engage with a topic they have never seen before and learn about it on their own. For both essays, I provide a list of leading questions to guide the students through these tasks.
The essays are read by myself and by the program's liaison at the high school, who either already knows the students or can ask other teachers about them. I use the essays to get a first impression of the students, and then follow up by interviewing them at the high school. The interviews are short (typically 5-10 minutes) and are meant to learn more about the students' prior research experiences, coding skills, and personality.
With this information, I select the students so that each cohort will have gender parity, include students with and without prior research experience and coding skills, and be ethnically diverse. Students who will be seniors during the run of the program are prioritized over those who will be juniors (and who would thus have a second opportunity to apply). I explain this list of priorities in my recruitment presentations so that applicants are aware of the basis for my decisions.
Mentors
Mentors can be anyone from undergraduate students to emeriti faculty members. I prefer to look for mentors among the advanced graduate students and postdoctoral scholars at my institution, as they would benefit the most from the experience. Sadly, although many academic careers involve advising students, the necessary skills are seldom taught in graduate school. SRMP allows earlycareer scientists to acquire these skills through hands-on experience with students in a non-threatening environment (i.e., their future hiring or tenure decisions are not dependent on the success of their students).
Graduate students should have completed their course requirements, passed their qualifying exams, and be well on their way to completing their research projects. At this stage, they have enough knowledge and expertise to pass on to other students and can begin to think of small research projects to spin off of their main Ph.D. project. For graduate students, the SRMP experience can help their search for a postdoctoral position, as some fellowships and grants require applicants to devise education and public outreach (EPO) programs or explain the broader impacts of their work.
For postdoctoral scholars, SRMP is not only an opportunity to learn how to become an advisor but also a way to try out new subject fields or projects that would otherwise be too risky or time consuming. It is also a way to signal to potential employers that they will already know how to work with students and successfully lead them to complete their degrees. For those seeking positions at liberal arts colleges, it is important to note that working with high-school students is akin to working with undergraduate students and that the scope of the research projects assigned to them is often similar.
C. Funding
SRMP can operate with very little funding. The minimum requirement is offsetting the time spent by the program's director. In my case, this was made possible by a NSF Astronomy and Astrophysics Postdoctoral Fellowship. Such funding can also be acquired through the Broader Impacts section of general NSF grant applications or by applying to private foundations, such as the Sloan or Simons Foundations. Social clubs, such as the local branch of Rotary International, 28 can also be approached for small grants. Professional associations, such as the AAS or the American Physical Society, also provide small grants for EPO programs.
29, 30 Finally, I suggest consulting with your institution's public affairs, communications, or development departments, who might be able to pitch SRMP as a way to strengthen the institution's "town-and-gown" relationship. Press releases and news articles generated by the program are a useful way to catch these departments' attention.
31,32
Aside from the director's salary, I suggest securing additional funding for stipends and laptops for the students. This removes two major barriers to participation in the program, as not all students may be able to afford a computer, and some students, especially those from underserved communities, may have to choose between participating in the program or finding work after school hours to supplement their families' incomes.
Stipends: If students spend four hours a week on their projects throughout the school year, that usually comes out to a rough total of ≈ 100 hours. Based on a minimum wage of $10-15 an hour, I recommend stipends of $1,000-1,500 per student. Besides private foundations, local government can be a good source for the necessary funds. I approached a Cambridge City Councillor (Nadeem Mazen), whose agenda included education, who then connected me to the right people in city hall.
Computers: Although desktop computers are cheaper, on average, than laptops, I suggest procuring the latter, so they can be disbursed to the mentors for their students' use each year. Many academic institutions have contracts with specific computer companies that allow the purchase or rental of relatively powerful laptops for less than $1,000 each. Alternatively, some computer and hi-tech companies have been known to donate computers to schools and EPO programs.
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IV. EVALUATION AND TESTIMONIALS
In order to evaluate what impact the program may have had on the students, they were asked to complete a short survey on the first and last days of the program. Several more cohorts of students are required to construct a sample large enough for a statistically meaningful evaluation. In the meantime, the program has already had a couple of tangible results: one peer-reviewed paper is in preparation (Ginsburg et al., in prep.), and one student has received an internship at a computational biology startup that his mentor had joined. Other SRMPs, such as ORBYTS 14 and AMNH SRMP, have also produced peer-reviewed publications. [34] [35] [36] It is now abundantly clear that high-school students, given the right projects, can produce publishable results.
Testimonials from the first cohort indicate that coding skills are a major skill gained through the program, e.g., "While I have experience with coding in Java, I did not know python before this program," "For me, almost everything we have done has been completely new -I had to learn Python from almost never having used it before," and "I have never coded before this project, so coding in python has been entirely new to me."
Students also enjoyed working on real problems and contributing to their mentors' research programs, e.g.: "I am excited to go meet with my mentor every week and enjoy the work itself. I usually spend parts of my free time working on my current project. It feels great to know that I am contributing to his work and research."
Finally, although the research was hard at times, students found this engaging rather than frustrating: "I feel that the topic that I'm working with is hard, but that doesn't mean it's bad, and additionally, you get to work with an expert, making the program both challenging and engaging, which I enjoy."
The program also contributed to the mentors' professional development. One mentor described his experience in these words: "Participating in the SRMP provided my first opportunity to act as primary mentor for students engaged in a research project. This was extremely useful for me, as it can be quite difficult to gain experience in teaching/mentoring at a postdoctoral level, despite such skills being essential if one wishes to pursue academia at the faculty level. The fact that the program lasted for the full academic year was important, in that it gave me time to adjust to the role. I found it challenging to set a project that was difficult enough to stimulate the students, without being too difficult. Having a year to complete the project gave me time to find my feet as a mentor and establish the right amount of assistance to give to the students. I particularly liked that the students came from under-represented demographics in STEM research-this gave me a chance to learn inclusive practices, and increased my desire to take on more such students in the future. Along with these actual skills that I gained, being able to add the experience to my CV has already proved helpful in the academic job market."
Another mentor noted the importance of the program's long timescale for the students'-and his ownprofessional development: "By working with the students for an entire academic year, we were able to work on developing a whole suite of skills, instead of rushing for project success. The projects required some Python scripting, but they mostly relied on the students finding the inquiry for the next step in the research. The students learned to problem solve, and come up with ideas for potential solutions, and I learned to guide them through the problems, and provide help only where needed."
Half of the mentors who served in the program's first year chose to return for a second year -a strong vote of confidence in the program's usefulness to their research program and professional development.
V. CONCLUSION
In this paper, I have described the setup and workings of the Harvard Science Research Mentoring Program, with the goal of providing a template for others interested in starting their own SRMP. I have shown that SRMPs can be set up quickly, within one academic year, and that it requires very little funding when starting out.
SRMPs can have a profound impact on both students and mentors. Students gain valuable research skills and the beginning of a professional network. I have personally stayed in touch with some of my students all the way from high school to graduate school and helped them along the way with, e.g., letters of reference and invitations to conferences. Mentors, most of them for the first time, gain hands-on experience supervising students. Successful mentoring requires a valuable set of skills that is expected by most academic positions, yet seldom taught. SRMP is one of the only venues through which graduate students and postdoctoral scholars can gain these skills.
Harvard SRMP currently accepts ten students each year. This number was chosen to minimize the time I spend managing the students, as I currently devote only ∼ 20% of my time to the program. It is also easier to convince funding agencies to support a program just starting out if the amount of funding request is small, commensurate with the number of students. Once the program strikes roots and is no longer seen as a "pilot," it is natural to think of expansion: to other schools, other subject fields, other towns. The AMNH SRMP encompasses biology, astrophysics, and geophysics, and is now part of the New York City Science Research Consortium, which comprises 13 programs at various institutions across the city.
37 The Science Internship Program at the University of California, Santa Cruz started off with three students in 2009 and has since expanded to include > 150 students working in 14 departments.
38 I am currently working on expanding Harvard SRMP to MIT and the two charter high schools in Cambridge.
It is now easier than ever to start your own SRMP. With the recognition that mentoring is essential to expanding the STEM workforce and to promoting the participation of women and people of color, there is a newfound openness among academic institutions, schools, and funding agencies to support such programs. Mentoring students at AMNH was one of the highlights of my graduate studies, so much so that it drove me to create my own SRMP at the CfA. I hope that this paper will motivate and assist anyone interested in creating a similar program. When you do, come join us on the Global SPHERE Network and share your own experiences.
